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Majorana fermions act as their own antiparticle, and they have long been thought to be confined
to the realm of pure theory. However, interest in them has recently resurfaced, as it was realized
through the work of Kitaev that some experimentally accessible condensed matter systems can host
these exotic excitations as bound states on the boundaries of 1D chains, and that their topological
and non-abelian nature holds promise for quantum computation. Unambiguously detecting the
experimental signatures of Majorana bound states has turned out to be challenging, as many other
phenomena lead to similar experimental behaviour. Here, we computationally study a ring comprised
of two Kitaev model chains with tunnel coupling between them, where an applied magnetic field
allows for Aharonov-Bohm interference in transport through the resulting ring structure. We use a
non-equilibrium Green’s function technique to analyse the transport properties of the ring in both
the presence and absence of Majorana zero modes. This computational model suggests another
signature for the presence of these topologically protected bound states can be found in the magnetic
field dependence of devices with loop geometries.
I. INTRODUCTION
Majorana fermions were postulated as fermionic exci-
tations that act as their own antiparticle in 19371, but so
far they have not been experimentally shown to exist in
nature. More recently it was shown theoretically that 1D
systems exhibiting p-wave superconductivity within cer-
tain parameters host Majorana zero modes (MZMs) at
their boundaries2. It was soon realized that the topo-
logical nature of these bound states make them ideal
candidates for quantum computation, as it helps to pro-
tect them from some types of decoherence3,4. Destroying
information encoded in this way requires a global per-
turbation that is strong enough to break the topologi-
cally non-trivial phase of the system5,6. Further, their
non-abelian character2,7 allows one to manipulate pairs
of MZMs through braided exchange of their relative po-
sitions, showing a way towards topologically protected
quantum computation2,3,8–10. One possible experimental
system hosting MZMs are one-dimensional (1D) semicon-
ductor wires with strong spin-orbit coupling and proxim-
ity induced superconductivity2,11. Several recent works
have reported experimental evidence for the existence of
MZMs in such condensed matter systems11–17. However
there exist a number of confounding effects that have
signatures similar to MZMs17–23 and which make the un-
ambiguous detection of Majorana fermions an ongoing
challenge.
The standard theory model that allows for MZMs is the
Kitaev model nanowire2. It consists of a 1D tight bind-
ing chain with proximity induced p-wave superconductiv-
ity, as illustrated in Fig. 1a. The parameter regimes of
the Kitaev nanowire have been extensively studied2,24–26,
as have its transport properties27–29. By coupling two
Kitaev nanowires through non-superconducting links at
their ends, we form an Aharonov-Bohm (AB) ring, as
FIG. 1. A diagram of a 1D Kitaev nanowire (a) and
Aharonov-Bohm ring (b). These consists of a tight binding
chain with onsite potential µ, hopping strength t, and a p-
wave pairing amplitude of ∆. Normal leads are coupled to
the nanowire with a hopping amplitude of τ .
illustrated in Fig. 1b.
Different ring geometries have previously been investi-
gated using interferometry where it was suggested the
periodicity of the conductance as a function of mag-
netic field might be used as a way to identify Majorana
bound states30,31. Other studies employed either scat-
tering matrix theory or Green’s function techniques to
study a normal AB ring containing a single nanowire
hosting MZMs32–35. For example, the transport proper-
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2ties of such an AB ring were found to be sensitive to the
difference between MZMs and Andreev bound states32.
Studies of two-dimensional systems of finite extent have
investigated interference effects due to chiral Majorana
fermion edge states at the normal-superconductor bound-
ary13,36,37.
In this paper we study the interplay between the AB
effect and MZMs, and expand on these previous works
by analysing the transport characteristics of an AB ring
formed by two coupled Kitaev nanowires. We employ
the non-equilibrium Green’s function (NEGF) formalism
and explore the relationship between model parameters
and transport characteristics for a finite size ring geom-
etry. Such models are particularly useful as all experi-
mentally realizable devices are finite, which limits what
can be understood simply from the bulk properties of
the materials hosting MZMs. The relation between AB
interference and Majorana bound states in such a loop
geometry has previously been studied using a scattering
matrix approach with the wide-band approximation38.
However energy resolved transport characteristics of such
a circuit provide important clues on how such effects can
be probed experimentally and will help to further under-
stand the experimental signatures of these topologically
non-trivial bound states. Here we show that mapping the
energy resolved transmission through an AB ring com-
prised of two MZMs displays the expected resonance at
zero energy. However, mapping this resonance as a func-
tion of magnetic field, on-site potential or superconduct-
ing order parameter results in characteristic responses,
suggesting the possibility of unambiguously distinguish-
ing MZM from trivial bound states.
The paper proceeds as follows: Section II introduces
the standard toy model for the Kitaev nanowire. The
NEGF formalism is then outlined in Section II A. Sec-
tion III expands on the Kitaev nanowire by introducing
an AB ring comprised of two coupled Kitaev nanowires.
Finally, Section IV examines the transport properties of
this ring in the presence of an applied magnetic field. We
conclude in Section V.
II. THE KITAEV NANOWIRE
We begin by following Kitaev in defining a model
Hamiltonian for a system admitting the existence of
TABLE I. The different parameter regimes for the Kitaev
nanowire. These regimes are obtained from the Hamiltonian
shown in Eq. (1).
Regime Model parameters
Topologically trivial µ/t > 2
Topologically non-trivial µ/t < 2, ∆/t 6= 0
Superconducting ∆/t >> 1
Normal ∆/t = 0
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FIG. 2. Eigenenergies for a 1D Kitaev nanowire as a function
of µ/t with ∆/t = 1.0. Vertical lines indicate values of µ/t
used to compute the transmission probabilities in Fig. 3.
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FIG. 3. Transmission probability as a function of energy for
the 1D Kitaev nanowire for two values of µ/t, highlighted in
Fig. 2 as vertical lines. The nanowire has a p-wave pairing
amplitude of ∆/t = 1.0 and a hopping strength between the
leads and the device of τ/t = 0.3.
MZMs as
HˆKC =
N∑
j=1
[
− t
(
c†jcj+1 + h.c.
)
− µ
(
c†jcj −
1
2
)
. . .
+ ∆eiφcjcj+1 + ∆e
−iφc†j+1c
†
j
]
(1)
where t is the nearest-neighbour hopping strength, µ is
the on-site potential, ∆ is the p-wave pairing amplitude,
φ is the superconducting phase and N is the number of
sites in the chain. Without loss of generality we set φ =
2pin where n ∈ Z, resulting in eiφ = 1. cj is the fermionic
annihilation operator acting on the jth site. We write a
particle-hole symmetric (PHS) form of the Hamiltonian
3through the Bogoliubov-deGennes (BdG) Hamiltonian:
HBdG =
[
HN ∆
−∆∗ −H∗N
]
(2)
HN is the Hamiltonian for a normal wire and ∆ is the p-
wave pairing amplitude between particles and holes. For
more details see App. A. We model the Kitaev nanowire
as a 1D tight binding chain that consists of 50 sites with
the on-site potential µ and p-wave pairing amplitude ∆
as adjustable parameters. To calculate the electrical re-
sponse of the 1D Kitaev nanowire we couple it to normal
leads on either side and apply an NEGF technique, as is
described in Sec. II A.
The Kitaev Hamiltonian has three different regimes
which are of interest to us here, these are the topo-
logically trivial, the topologically non-trivial, and the
superconducting regime. The different model parame-
ters for each of these regimes are summarized in Tab. I,
where we also list parameters for the normal (non-
superconducting) regime. Fig. 2 shows how the eigen-
spectrum of this Hamiltonian depends on the value of
µ/t. In this figure we see the separation of the topo-
logically trivial and non-trivial regimes at approximately
µ/t = 2. When µ/t < 2 the system is topologically non-
trivial and we have a degenerate ground state at E/t = 0.
In the topologically trivial regime, when µ/t > 2, the
ground state of the system is no longer degenerate, nor
does it appear at E/t = 0.
A. Non-equilibrium Green’s function formalism
To calculate the electrical response of a Kitaev
nanowire we apply the NEGF formalism39, which al-
lows us to compute transmission probabilities as a func-
tion of energy. We are also thereby able to introduce
open boundary conditions and model transport through
the device with changing magnetic field. The retarded
Green’s function for the device GR, from which the trans-
port properties of the system can be calculated, is written
as
GR(E) =
[(
E + i0+
)
I−HBdG − ΣL(E)− ΣR(E)
]−1
(3)
where E is energy and 0+ is a small positive number. For
brevity we suppress the energy dependence in subsequent
Green’s functions, transmission functions, and other op-
erators. The Hamiltonian describing the device is modi-
fied by two self-energy terms ΣL and ΣR to include the
left and right leads respectively and thereby open bound-
aries. The nearest-neighbour hopping strength between
the leads and the device is given by τ/t = 0.3. These
weak links (τ < t) at the interfaces modify the system’s
density of states such that resonant tunneling dominates
transport through the device. The Green’s function is
used along with the Caroli formula (Eq. (4)) to calcu-
late transmission probabilities for particles/holes moving
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FIG. 4. Eigenenergies for an AB ring (without leads attached)
as a function of µ/t with ∆/t = 1.0. Here the magnetic flux
through the ring is Φ/Φ0 = 0.
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FIG. 5. Transmission probability of an AB ring at energies
about zero for several different values of the on-site potential
µ. The AB ring has a p-wave pairing amplitude ∆/t = 1.0
and normal leads are attached with a coupling strength of
τ/t = 0.3. The external applied magnetic field strength here
is Φ/Φ0 = 0.
through the device. When applying the NEGF formalism
to a conventional charge transport problem, the trans-
mission probability T is given by
T = Tr
(
ΓLG
RΓRG
A
)
(4)
with GA = (GR)† and broadening matrices Γα given by
Γα = i
(
Σα − Σ†α
)
(5)
with α an index describing the left (L) and right (R)
contacts.
For the BdG Hamiltonian we must now account for
both electron and hole degrees of freedom. We can com-
pute the total transmission probability as the sum of the
transmission probabilities for direct transmission TD, An-
dreev reflection TA, and crossed Andreev reflection TCA:
T e(h) = T
e(h)
D + T
e(h)
A + T
e(h)
CA (6)
4with
T
e(h)
D = Tr
(
Γ
e(h)
L G
RΓ
e(h)
R G
A
)
(7)
T
e(h)
A = Tr
(
Γ
e(h)
L G
RΓ
h(e)
L G
A
)
(8)
T
e(h)
CA = Tr
(
Γ
e(h)
L G
RΓ
h(e)
R G
A
)
(9)
Eq. (6) therefore gives the transmission probability of
a particle (hole) through the device at a particular energy
(see App. B for further details). The broadening matrices
are now represented as a 2× 2 matrix due to PHS:
Γα =
[
Γ
(e)
α Γ
(eh)
α
Γ
(he)
α Γ
(h)
α
]
(10)
where the superscript represents the type of particles in-
volved in the interaction. For example (e) is a electron-
electron interaction and (h) is a hole-hole interaction. As
the system has normal leads we do not consider the off-
diagonal terms which correspond to electron-hole inter-
action in the broadening matrices, i.e. Γ
(he)
α = Γ
(eh)
α = 0.
As we are ultimately interested in the total conduc-
tance through the device, in what follows we often plot
the combined transmission due to electrons and holes,
(T e+T h)/2, where the individual electron and hole trans-
mission functions are given by Eq. 6.
B. Signatures of Majorana fermions and the zero
bias anomaly
A signature of MZMs in the electrical response of these
systems is the existence of a zero-bias anomaly (ZBA)
that is topologically protected14. This ZBA is a conduc-
tion mode at E/t = 0 that results from the zero-energy
ground state of the MZMs. Fig. 3 shows the transmission
probability for the 1D Kitaev nanowire in the topologi-
cally trivial and the topologically non-trivial regime. The
figure shows the transmission probability for a particle
through the Kitaev nanowire at E/t = 0, with on-site po-
tentials µ/t = 1 (µ/t < 2, topologically non-trivial) and
µ/t = 3 (µ/t > 2, topologically trivial). The presence
of a non-zero probability for transmission of a particle at
E/t = 0 when µ/t = 1 is characteristic of the ZBA11. In
the topologically trivial regime (µ/t = 3) there is no zero
energy peak as all states of the Hamiltonian fall outside
of the energy gap, as seen in Fig. 3.
III. THE AHARONOV-BOHM RING
We now consider a device comprised of two 1D Ki-
taev nanowires, as illustrated in Fig. 1. This system is
capable of supporting two pairs of MZMs (one MZM at
each of the four interfaces between the device and the
leads). For all AB ring devices modelled here we use a
ring comprised of two Kitaev nanowires with 50 sites.
FIG. 6. Contributions to the transmission probability from
(a) Andreev, (b) direct, and (c) crossed Andreev transmission
for an AB ring with 50×2 sites as a function of energy E and
on-site potential µ. Here the magnetic flux through the ring
is Φ/Φ0 = 0. The AB ring has a p-wave pairing amplitude
∆/t = 1.0 and normal leads are attached with a coupling
strength of τ/t = 0.3. Note the logarithmic color scale used
in order to resolve the weaker transmission probabilities in
(b) and (c).
The topological phase diagram for this AB ring is equiv-
alent to the topological phase diagram of the 1D Kitaev
nanowire. The presence of a ZBA for the AB ring can
been seen in Fig. 4 for each of the parameter regimes de-
5scribed in Tab. I. The two Kitaev nanowires of the ring
are connected by a nearest-neighbour hopping strength
of t′, as shown in Fig. 1b. In all that follows we set t′ = t.
The p-wave pairing amplitude between the two nanowires
is zero. This corresponds to the case of normal tunneling
between two superconducting nanowires.
We now apply our NEGF method to an AB ring. Fig. 5
shows the transmission probability for an AB ring at en-
ergies close to E = 0 t and values of the on-site potential
µ/t = {1.775, 1.925, 1.950, 2.000}. As µ is decreased, we
see the formation of a peak in the transmission probabil-
ity at zero energy. The appearance of the ZBA correlates
with the system becoming topologically non-trivial. At
µ/t = 1.775 the zero energy transmission is maximised
which suggests that at this value of the on-site potential
the system is in the topologically non-trivial regime.
By examining each of the individual components of
Eq. (6) (given in Eq.(7)-(9)) we are able to see how each
component of the transmission probability influences the
total transmission probability through the device. It also
allows for insight into how the magnetic field induced in-
terference affects each of the difference types of transmis-
sion (direct, Andreev and crossed Andreev). Fig. 6 shows
the transmission probability as a function of energy E
and on-site potential µ for Andreev transmission, direct
transmission, and crossed Andreev transmission with a
magnetic flux through the ring of Φ/Φ0 = 0. We see in
Fig. 6a the sub-gap states are due entirely to resonant
Andreev transmission, while in Fig. 6b we see that di-
rect transmission occurs via states above and below the
gap. Fig. 6c shows that the crossed Andreev transmis-
sion only exists close to the point of transition between
trivial and non-trivial topological behaviour, at zero en-
ergy and µ/t ≈ 2. The crossed Andreev transmission is
relatively weak compared to the other contributions.
IV. MAGNETIC FIELD APPLIED TO AN
AHARONOV-BOHM RING
We now apply a perpendicular magnetic field to the
AB ring by Peierls substitution to observe interference
in the transmission probability40–42. We choose a gauge
such that the Peierls phase Φ (equivalent to magnetic flux
through the ring and given here in units of flux quanta
Φ0 = h/2e) drops across only the normal links. By ap-
plying a magnetic field to the AB ring in the topologically
trivial and non-trivial regimes, we see the changes in the
transmission probability as a function of magnetic flux
due to the presence (or absence) of the MZMs.
Resonances in the transport spectrum of the ring are
caused by weak links between the device and the leads27.
Applying a magnetic field to the AB ring in the normal
regime (µ/t = 1, ∆/t = 0), as in Fig. 7a, we see there
is completely destructive interference at Φ/Φ0 = ±pi2 ,
which results in the transmission probability going to
zero at these values of magnetic flux. The symmetry of
the transmission resonances in Fig. 7 about zero energy
FIG. 7. Transmission probability of an AB ring as a function
magnetic flux Φ and energy E for various values of p-wave
pairing amplitude (a) ∆/t = 0, (b) ∆/t = 0.05 and (c) ∆/t =
0.1. The AB ring has an on-site potential µ/t = 1.0 and
normal leads are attached with a coupling strength of τ/t =
0.3.
follows directly from the PHS.
In the case where ∆/t = 0.05 and µ/t = 1, as in
Fig. 7b, we see the formation of a sub-gap state that
oscillates in energy, as a function of magnetic flux, with
a period of pi. Note that the value of ∆/t is not large
enough to overcome finite size effects here and that the
transport spectrum is characterised by a lack of the zero
energy state at Φ/Φ0 = 0. Furthermore, at a magnetic
flux that corresponds to complete destructive interfer-
ence (Φ/Φ0 = ±pi2 ) the sub-gap state is not completely
destroyed, suggesting this state is protected against de-
6structive interference.
We now consider the transmission probability for an
AB ring in the topologically non-trivial regime with an
applied magnetic field (∆/t = 0.1, µ/t = 1) shown in
Fig. 7c. This is characterised by the presence of a zero
energy state at Φ/Φ0 = 0. The MZMs exhibit a linear
energy dependence at magnetic flux about Φ/Φ0 = npi
where n ∈ Z. Just as in Fig. 7b, the ground state of
the system is unaffected by destructive interference at
Φ/Φ0 =
pi
2 . However now this behaviour extends to the
quasi-particle states at both higher and lower energies
(|E|/t & 0.2). Although the splitting of the zero en-
ergy state shows the degeneracy of the ground state is
broken by an applied magnetic field, these states are still
protected against destructive interference, which is some-
thing that is absent in the topologically trivial regime.
Fig. 8 gives the Andreev and direct transmission for an
AB ring when µ/t = 1. Crossed Andreev transmission is
absent from this figure because it is found to be zero for
these parameters. At a magnetic flux Φ/Φ0 = 0 we see a
zero energy peak for Andreev transmission (Fig. 8a), as
well as contributions to the direction transmission from
quasi-particle states (Fig. 8b). As the magnetic flux
FIG. 8. Contributions to the transport probability from (a)
Andreev and (b) direct transmission for an AB ring with 50×2
sites as a function of energy E. Here the on-site potential
is µ/t = 1. The AB ring has a p-wave pairing amplitude
∆/t = 1.0 and normal leads are attached with a coupling
strength of τ/t = 0.3.
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FIG. 9. Transmission probability of an AB ring with 50 × 2
sites as a function of energy E for various on=site potentials µ
and a magnetic flux of Φ/Φ0 =
pi
2
. The AB ring has a p-wave
pairing amplitude ∆/t = 1.0 and normal leads are attached
with a coupling strength of τ/t = 0.3. When µ/t = 2 the
transmission is zero for all energies. Note the height of each
peak is equal to one, however the plot is limited by the energy
resolution.
through the ring is varied such that the condition for
completely destructive interference is met (Φ/Φ0 =
pi
2 )
we see the suppression of all direct transmission, which
is consistent with the behaviour typically observed in AB
interference. In contrast to this the Andreev transmis-
sion is found to persist at Φ/Φ0 =
pi
2 . As with Fig. 7
we see a splitting in the zero energy state that depends
on the magnetic flux through the ring and increases with
Φ/Φ0 between 0 and
pi
2 . This highlights it is the An-
dreev transmission that is protected against destructive
interference in the AB ring. The extent to which Andreev
transmission is protected against destructive interference
is shown in Fig. 9, where the transmission probability is
plotted as a function of energy for several different values
of the on-site potential and a magnetic flux Φ/Φ0 =
pi
2 .
As the value of the on-site potential is increased and the
system moves toward the topologically trivial regime, the
width of the sub-gap states becomes vanishingly small.
The absence of destructive interference for an AB ring
in the non-trivial regime, as shown in Figs. 7c and 9, is of
particular interest. Previous studies have concluded that
electrons move through MZMs preserving phase coher-
ence43. This would suggest that transport should be sup-
pressed at half integer multiples of magnetic flux quanta
(e.g. Φ/Φ0 = ±pi2 ), as is typically true for the AB effect.
Instead we see a splitting in energy of the topologically
non-trivial state, and a shift in the energy of this state
away from zero, in response to changing the magnetic flux
threading the loop. This raises questions as to whether
the topological protection of the MZMs is still preserved
in such a situation. It also suggested the response of such
a circuit to a magnetic field can be used as a probe of
topologically trivial Andreev bound states.
7V. CONCLUSION
We used the NEGF formalism to study the transport
properties of an AB ring comprised of two Kitaev chains
coupled at either end by a normal link. We observed the
effect of electron (hole) interference on the zero-bias con-
ductance of this AB ring, which is present when the mag-
netic flux through the ring is nonzero. We have shown
how the MZMs in this AB ring change with on-site poten-
tial µ, the p-wave pairing amplitude ∆, and the magnetic
flux through the ring Φ. Each of these parameters has
been shown to have a unique effect on the MZMs. Hav-
ing control of the physical parameters µ, ∆, and Φ in an
experiment therefore allows the MZMs to be probed in a
controllable way.
Furthermore, we have observed the transmission prob-
ability of electrons and holes through an AB ring with
MZMs to be persistent even when the condition for com-
pletely destructive interference are met. The power of
the NEGF formalism as a tool for investigating this phe-
nomenon is highlighted where the transmission probabil-
ities are divided into three separate contributions: An-
dreev and crossed Andreev reflection and direct transmis-
sion. We have thereby demonstrated that transmission
through MZMs in an AB ring is mediated by Andreev
reflection at the normal/superconductor interface. The
dependence of the AB interference on the parameters of
the nanowires is therefore a useful probe of Majorana
fermions in condensed matter systems.
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Appendix A: Particle-hole symmetry
The Kitaev Hamiltonian when expressed in the BdG
form exhibits PHS. PHS represents a symmetry in the be-
haviour of electrons and holes and leads to a symmetry in
the eigenspectrum around zero energy. As we are inves-
tigating a superconducting system, the Hamiltonian con-
tains a coupling term between particles and holes, which
is best described in the BdG formalism. Employing the
Nambu basis, we group creation and annihilation opera-
tors together as
C† = {c†1, · · · , c†n, c1, · · · , cn}, (A1)
C = {c1, · · · , cn, c†1, · · · , c†n}T . (A2)
This notation then allows us to write the BdG Hamil-
tonian as
Hˆ =
1
2
C†HBdGC (A3)
with the BdG Hamiltonian coefficient matrix for the Ki-
taev chain:
HBdG =
[
H ∆
−∆∗ −H∗
]
. (A4)
Here PHS manifests directly in the symmetry between
the particle and hole sectors of the Hamiltonian.
Appendix B: Components of transmission
The conventional equation for calculating the trans-
mission of electrons through a device is given in Eq. (4).
When applied to a system in conjunction with the BdG
form of the Hamiltonian we must also take into consider-
ation the transmission probability for holes. This allows
for the study of more transport modes than just the con-
ventional transport of electrons through a device44–46.
Andreev and crossed Andreev transmission allow for the
reflection of an electron from an interface as a hole both
locally and non-locally respectively13,47,48. In order to
probe the role these processes play in this work, Eqs. (7)-
(9) were applied. These equations are derived from the
Landauer current equation:
IL =
q
h
Tr
[−iΣ<LA− ΓLGn] (B1)
where Γα = Γα(E) is the broadening matrix for the α-
lead, fα = fα(E) is the Fermi distribution for the α-lead.
We also have
Gn = −iG< = −iGR (Σ<L + Σ<R)GA. (B2)
and the spectral function is defined as
A = GRΓGA. (B3)
Applying these definitions to the Landauer current equa-
tion, we arrive at
IL =
q
h
Tr[− iΣ<LGR (ΓL + ΓR)GA
+ iΓLG
R
(
Σ<L + Σ
<
R
)
GA]. (B4)
As we are working in the BdG formalism which utilizes
the Nambu (particle-hole) basis, we must take both par-
ticle and hole transmission into account. With the ap-
plication of normal leads there is no coupling between
8particles and holes and as such the in-scattering matrix
(Σ<) becomes block diagonal (one block for electron scat-
tering and one for hole scattering). We are therefore able
to write the in-scattering matrix for the α-lead as
Σ<α = iΓ
e
αf
e
α + iΓ
h
αf
h
α (B5)
where the superscript e(h) denotes the electron (hole)
component in the Nambu basis. Combining Eq. (B4)
and Eq. (B5) we arrive at
I
e(h)
L =
q
h
Tr[(Γ
e(h)
L f
e(h)
L + Γ
h(e)
L f
h(e)
L )G
R (ΓL + ΓR)G
A
−ΓLGr((Γe(h)L fe(h)L + Γh(e)L fh(e)L )
+(Γ
e(h)
R f
e(h)
R + Γ
h(e)
R f
h(e)
R ))G
A]. (B6)
which after some algebraic manipulation returns
I
e(h)
L =
q
h
Tr
[
Γ
e(h)
L G
RΓ
e(h)
R G
A
(
f
e(h)
L − fe(h)R
)
+Γ
e(h)
L G
RΓ
h(e)
L G
A
(
f
e(h)
L − fh(e)L
)
+Γ
e(h)
L G
RΓ
h(e)
R G
A
(
f
e(h)
L − fh(e)R
)]
. (B7)
As we only want to study the transmission, rather than
the current we can neglect the constant factor as well as
the Fermi windowing function, after which we arrive at
the transmission equations given in Eqs. (7)-(9).
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